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ADMOVIRM INFECrS 3N CUILDREN

[Fi~l~obing is a translation of an article in French by Ch.
Chany of the Virus Research Center, Saint Viucentý do Paul
Hospital, Paris, in the 0enman-language periodical *ArchW
far diVe sar!e Virusfor~suhup (Archives for General Virus
Research), No 13, 1963, pages 294-301.]

Introduction

The isolation of adenoviruses in 1953 by Rove and his associates
constituted an important event in the history of respiratory diseases of
viral origin. After the work on poliomyelitis. the study of respiratory
viruses was the first to profit by the new call culture methods. But
the isolation of this group of viruses had another, important interest
for pathology, ihich is obly now being revealed.

the work of Rowe and others (1) showed that the cell c3tuars method.
permits the discovery ef viruses persisting in the tissues in a latent
state. In fact, cultures of axygdalian cells reveal admoviruses, while
extracts of these same amygdalae, introdnced in call culture by inocula-
tion do not, as a general rule, permit isolation.,

Definition

Tho virus develops inside the nucleus, undergoing under the optical
microscope characteristic nuclear changes specificeal• connected with the
adenoviruses (2,3,4,5,6).. The preooious lesions are negative Feulgen
eosinophile inclusions. In the more advanced stages of evolution, the
nucleus. is more and more loaded with a basophille material rich in INA
(doo xyribonualcio aoid), forming a central inclusion surrounded by a clea
zone, pomstricted in places, the whole taking on the hencefobrard classical
rose-pihk aspect. The eosinopbIle.inclusions correspond to protein crystals;
the basophilic inclusions contain viral particles.

In electronic microscopy the viral particles are fbund to be grouped
in a crystalline formation (7,8). The diameter of a particle is approx-
imately from 80 to 100 millimicrons." Me virion is made up of a 2,3,5
cubic vymmetiy capsule (capside) composed of 252 subunits or capsomeres
(9). The genetic material of the virus is deo3Wribonucleic acid. In the
cells, the viruses of this group produce proteins, one of which constitutes
tho iatigan devlating the complment common-to this group (10). Another
of these proteins is the cell-separating factvr (11'.1.2) charaote.istio of
the adenovirusos. According to their type, the adanoviruses hemdglutinate



"h-man rid aorusoles au veU as those of the monkey, the mouse. and/or
Lho rat (13). 3hbAbltion of hmagglutinat!on peraits the type classifica-
tion of adeno'iruses. 7his reaction can also be utilized to reveal the
antibodies inhibitirC henagglutination In infected sb•jects (14).

The ani•m•ic properties of the shell enable us to distinguish
28 diffe-ent tpes. of adawoviruses that may be revealcd tbrugh neutral-
ization reactions vith the help of a speoific Imune sertm. As the capsule
(capside) contodns no lipid oomponents, adewovruwa are resistant to
ether.

AL-moviruso have been isolated in =an e ll as in auimals
(monk•e 0,). dos (16). and towi).

oinicall., the adenoviruses can produce acute end chroaic infec-
tions.

,L. CM4ical ManlfesUtit w Observed in Aette Infections

A very large nwuber of infections may occur without az clinical
sgtoms. The7 may be associated with or accompanied br minor manifesta-
tiones -hoh W pass virtnally unnoticed. The lrstence of nmappar•nt
infections mst aOwys be taken Into oonsideration In evaluating epidmuiol-
ogical inffvetigatioas..

The vis is usually isolatod fro pbaryngsal secretions or from
stools. Recently, Wesser and Ilbiiok isolated this virus also from
urine (17).

Disagsis is based on the isolation of the virus and on the sdg-
nificant rise In antibodies (estahliqhiug the cowplemet. neutrizing
or Inhibiting hmawltin.tioan) by oomparing the semzs taken at the acute
stage of the disease and at the-period of convalesaence. The relations
betbeem Infection and oQ±n0oal manifestations depend on statistical data,
as Dr. Svedm~r ban note&.

"1) Manifestations oomonly observed in adults and children

' P 7algtiUs is virtuAl.y constant and presents no characteristic
smptob. 7he pharyia is red and oongested, with occaslonal hyperplasia
of the l3pboid tissues. The aqgdalae may be large and the seat of
small vh~tish elements. In the absence of sWer-infection, there is no
¢ndsatjn.. _ai phary•gitis is sometimes acowqpaned by adenopathy in
the oupanimo arm.

Conjimiivities is observed in isolatlonor assoclated with pharyn-
gitis. Gener&Ly It begins o one saide, Isttling on the oonujnotiva and
the solera, eq>1eiany at the level of the interior angle of the We. 7t



uay bu vccomipaiLed by cdcra. Tho aonjwmctiva is conaestod, may ahow oweo
fulliou'lnar olanrts arnl be acscrpani.ed by a acncatioL of the prcsmnca of
a foreign bod7. Cormeal opacities nay appear' in the period of convales-
cncoC, rorsisttg in wome cases for years and disturbiZn vision. Con-
jmctivltks has bten observed by Jawatz and hs collaborators in associa-
tion uith admcovýrus type 8, and occurring principally under certain con-
ditions, p=r•icularly in wrkers in naval construction plants (18).

Pha~noo--,xjTinctival fever has most oftt been observed In associa-
tion wIth admwvirus type 3 (19).

0onJixctivitis hat been roprodnod experimentally with volunteers
diein the ocnJmotlva has ýlo.amechaicalVý ir•4tated prior to inooulation
with Th4 virus. Simple in;tillation of the vIrus does not enable us to
reprodwoe the disas5o (20). A prior traumatism of the tismwes therefore
seems to be neooessary, either for the penetration of the virus or to permit
its yroliforatIn. Ie can assume that dusts may play such a role under
certain cinditi16ns. This is appirantly the case in the naval construction
plants inEntined above.

Repimratory mani estationsr Thase ooour especall3y in oortaln com-
munitiesi such us hospitals (21,:2). vaoxtion camps, and military training
camps (23). They may also ocatr in family surroundings. Mhey spread
relatively lIt-tle and build linited epidemic foci. They are acompadned
by a Merer vith -Aide oscic~atons, dropping in the morning and rising agai'.In
the eveninr Thi fever may reach as high as 30 to e400 C6iughng is often
seoere and paroxysmal. Bronchil a4fection may be revealed by radiological
emiuation In tho form of lobar opacities, vhich are probably due pyarticularly

* to distrbamnces in ventilation. When the seat of lesion is juxtaiwrtical,
the affection nay also be parenchymatous, with monocyte pleural effusion.

Gatro-antesti•gl mAnifetations. These are oL rather oonsiderablo
frequency, vith abdominal pains, vomiting and diarrhea. It is appropriate
In ths connection to reoall the observations of Kjtallen. who isolated ade-
novirwusas fjvm iutures of mosentoric ganglia during acute mosonteric
adenitis.

Cutnneous manifestations. Transitory mozbolliform eruptions without
secondary deaqi•mation have been observed on the face, neck, ardthorax (21,
26). iagnostic problems are furthermore complicated by the fact that
adcnovirus iinfctions may perfectly well owour during convalescence from
Measles.

Alth ugh the pro~posis for adenovirus in'eotions is usuafly favor-
able, erpecia37 in countries Aith a hi& living standard, it is quite
othwr•ise in aa-rtin underprivileged communties or wantries with a low
living stat3dazi.

2) ma-' unoumun clinical inaifest•tions



S3V-sa &dmnovlrus raemmo.1o in children. Literature on this subject
has reported savwe or fatal mmnifesttion, aoopmaned by a train of
s33C.tomN not uau23]J obnarved in aAegovirus affections. 3h 29 cases of
serious adenovifra attacks, studied from 1935 to 1961 in the Sint Vincent
do Paul ro•'p, Department of Prof. Lelong, the incidence of various clinical
manifestations is vmuaried in Table -1:

Table 1. Clnical umAitsetations observed in 20 dases of severe adenoviras
pneuiania, inlthe Paris region 1955-1962.

Pulma=7 manifest~tans 29
Cutaneous manifestations, morbilli1for eruptions 6/29
Sever digestive manifestatios, bloodty iarrhea 7'29
Reart falure 2/29
PC-1us iaanfestatc3zis - paresis. Vith smstor
of pyramidal affeotins. convuleions, oo-m 6/29

Severe el roenephalograp•i. distaxLAmles
(Z oases transitory and regressive)'42

*M~tO nephrt13is2

It is Intaresting to note in this table the relatively high incidence
of severe electromcphalo graphic disturbmees which may be transitory and
.regressive. 3h parallel faruieo, the incidenee of renal m~nifestaticmssee.Ms .aat.Ltve3, b~h..

Thoe sevezl. of certain adenovirua pidaics was also reported )w
a dAnese author durIng the great Peiping apidmdo6 bf 1958. Table 2
UUiarZSed VdA author's obaermvans. Out of 3,398 eases of .severe
pnemwni, 528 ere fZatal, autopsy was made in 110 oases, and adstovfrus

memanqn lesions were observed 92 times. Of 8. pul .az7 oaseso,-aduo-
viruses of tne 3 or 7 "re Isolated 57 times, Alle uozovirwses were

isolated only 18 times (3 st&cks of Asian Ju A2, 15 stocks of ~mmovirtis
parainflumma 1 Sndai). A high incidence of nervous maaifestations
during this epi•ndso was elo repo.ted.

Table 2. Peiping epideani of 1958, reported by Teng Chin-Hsien

Total 3.398
Fatal pnewoma. 528
Autopsies 110
Characteristic adenovirus lesioms 92
Isolatior of adenovirms type 3, 7 57
*oxovIrus 18

Anatamdc aspects of adenovirue jnmrmnia

a) The waetomlo leasims are oharaoteristically pulmonary.

Tt vas Goodpantaum tnd othai-s M(,) who draw attuztion to the
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P;:CUii-r apzct of thecs lesins h- 1939. llovbjvcr, at that time thcy uere
v:ot ab1o to pdnplint the viruo lT volvii].

fn. 1955, in Prof. Lelong' s dcpartmient, in aa!;ociatian with Le Tan
V•lh and Satre. by isolating the virus and by an anatomieal sicdy vo wore
Rble to ad•tdt-ry the pn~iowumla dascribed by Cnodpastnre aB adenovirms

This pnic' ia is charaoterized:

.1) by necrotic lesions predominating in the bronchia and affecting
the 1clatod cithelium; these lesions tmy cpread to the pulmonary
parznchy=;

2) by the presence of cells with a suollen nucleus oontaining
an(oosinollitlo or basophilic inclusion surrounded by clear vaocles; these
inclusions spare the naleoluns, and are thus distingalshed from the herpetie
lesions;

3) by localizatin of the .specific lung lesions; the isolated
vimrsss in these oases vere usually of tpe 7, ocasionally of type 3.

b) onkgestive non-specific lesions have been reported by a number
of authors. In this case no focus of necrosis is fouid. It seems probable
that in most of these cases, the cause of death is not connected with the
adcnoviruses, but iith another associated affection.

D. Chronto Adenoviras 3hfootions

Although au•te adenovirua in.ftions havy bow relativrly va• l
studied, ouir knowledge of chronic addaovxrus infections is oertainy, "stil
very frgaimtary. Li the 1ntwoduotion we ixni-1,tod on the In~ortbioe of
eiposing latent viruses by oell culture. Admnov•ruses, particularly t;pes
1, 2, 5, 6 may persist for a very onmg time in the &wqgdnlae and adenoids
*ithout our being very sure -nder %hat form. *Recently the hypothesis was
expressed that interferon would b3 capable of intervening in the maintmance
of chronic infection (32, 33. _3!, 35).

Mtperimental cell cultare patterns have been produced in vitro by
a areat number of authors. It has beem observe4. that a real balance
exists betwim viral multiplication zd interfaron production in certain

• systus.

Howevr intoresting these experimental patterns may be, it is
difficult to draw &n anclogy betweenthe systeas studied in vitro and
hapenings observod in vivo, 3i the systems chronically infected in vitro.
the produotion of interferon is aloseay wnnected with viral multiplication,

aud there is no proof that the adenovirusos multiply cwistantLy or inter-

mittently in th3 amygdalao. Moreover, the ademovirmsos do not seem to be



very sensitive to the action of intorfercn.

Although little understood, the problem of chronio adenovirus Infec-
tians has &mat interest from the theoretical point of view.

A roocnt Anerican report by J. J. Treitin. Yabe arid Taylor (35)
makes one of Uie adenovLrasos, type 12. a responsible agent in the acm-
cerous t- ozuatjmgs og calls. •his virsm, g1vio to a baby hamster by
intrapul.nmax7 inoculation, produced tumors in the thorax in 411 out of 45
cases, vth the tumors spreading to the iver in 6 cases.

If this vrk is oonfizmed, this ia•ortant observation could xapl
a now st1mrlus to the sbidy of ddmoviruss. We visy conclude from this
stmdy that the pathogenic action of the viruzes In the oranimi is often
vnforeseeable9 and that in fact adenoviruses aMe as mbh respiratory as
they are enteric viruses, and are perbus ev oncogimic viruses. Viruses
may not be defined in terms of the organ in vieh. they mtl.ply or in
terms of lesians Un the tissues. likeýise, .they ma notibe defined by the
clinical maifestations the" povd=e. Mhat defines thi viras is the mor-
phological structure of the particle and the chbmical- and antigaic: nature
of its cbontuants.

Adeuovirases may be defined as frflolo:

1) The form a op of virses bih carry out characteristic
nuclear ohmgB8 in oeal struimctr.

2)-) Tha diater of the vIral particles 1. from 80 to 100 mif.i-
microns. e ae partic is made 1A of a capsule (capsids) of 2, 3. 5 cubI6
qmetzy anrd of 252 os•s=mres.

All adeovlrsses produce an antige deviating the specific c le-
malt of the group. With the help of nentralizatii !eactioans and by
ihbiting . ett e may disting•ish 28 types of admovrirses.

"" kacal]n , the adioiruses ma= produce acute and cbronic ifecttIos..

.,The cte Infections ar now quite well knOm and have b - schm&-
tioaly presented in this report.'

\ The mwnafestatians usually observed are:

1) oon3tmotivi14e; 2) pbrnocntotiyal oyndi1 s 3) isolated
phargitjs. 4) agtypimS paeordia witbout cold ag tins, 5) mqrbi=1-
form eroptions.e ,

.. I Vnewnia may in .ertain cases be secoipmied by •cq--li -
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and raaal -festaticons. The evolution may be severe, sometimes fatal.

Anatomic leajons are essentially pulmonary. 3h twpirAl oa~sea heerotla
imomumonia v4th 'Iclusions is Involvred.

On the other hand, the jbronic infectlons are little wderstood.

Tn the first isolations of admwoviruss, it was demonstrated that
these viruses may persist a long time in the organism in a latent state,
particularA,y in the lymphoid tissues. The form and oonditions of persis-
tmese of tas~virms in the tissues are not kmow&.

"kA recent stdly attributes a cancerous role in the I aby hamster to

adanoviran type 12. f)
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